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Abstract A subchronic toxicity study was carried out to
assess hepatic and renal functions of rats during oral expo-
sure to glyphosate with zinc for the period of 8 weeks.
Forty-eight Wistar rats used for the study were randomized
into six groups of eight Wistar rats each, and each group had
equal number of male and female Wistar rats. The Wistar
rats administered with distilled water at 2 ml/kg body weight
served as the control group (DW); others were administered
with zinc at 50 mg/kg body weight (Z) group, glyphosate at
375 mg/kg body weight (G) group, a combination of zinc
and glyphosate at 50 and 375 mg/kg body weight, respec-
tively (Z+G), group, glyphosate at 14.4 mg/kg body weight
(GC) group, and a combination of zinc and glyphosate at 50
and 14.4 mg/kg body weight, respectively (Z+GC), group.
At the end of the study, blood samples were collected from
each rats; from which, sera samples were obtained and
assayed for total protein, albumin, alanine and aspartate
aminotransferases, alkaline phosphatase, Na+, K+, Cl−,
HCO3 , Ca
2+, PO4 , urea and creatinine using autoanalyzer,
and globulin was calculated. The albumin concentration was
significantly high (p<0.05) in GC group compared to DW
group, and this change was ameliorated following supple-
mentation with zinc. The total protein and globulin concen-
trations did not differ significantly between the groups (p>
0.05), and the relative changes were ameliorated by supple-
mentation with zinc. The alkaline phosphatase activity was
relatively low in GC group; however, supplementation with
zinc in Z+GC group made it to be significantly high (p<
0.05) compared to GC group. The alanine and aspartate
aminotransferases in G and GC groups were relatively high
compared to DW group, which were ameliorated by supple-
mentation with zinc. The relatively low Ca2+ concentration
in G and GC groups compared to DW were ameliorated in
Z+G group, and it was significantly high in Z+GC group at
p<0.01 compared to DW, p<0.001 compared to G and GC
groups and p<0.05 compared to Z+G group. There were
only slight changes in the electrolytes concentrations (Na+,
K+, Cl−, HCO3 and PO

4 ), which were differentially
ameliorated by zinc supplementation. The reasons for the
various changes recorded were discussed. It was concluded
that subchronic oral exposure to glyphosate caused both
hepatic and renal functions toxicity in rats, which were
ameliorated by zinc supplementation.
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Introduction
Glyphosate, the active ingredient which is 48 % acid equiv-
alent of the 180 propylamine salt of glyphosate
(phosphonomethyl glycine), is used as a non-selective her-
bicide and for control of a great variety of annual, biennial
and perennial grasses, broad-leaved weeds and woody
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shrubs in orchards, vineyards, conifer plantations and many
plantation crops. It is perhaps the most important herbicide
ever developed (World Health Organization 1994). Glyph-
osate has low persistence, and because repeated applications
of this herbicide are practiced for the control of weeds in
agricultural fields, large quantities find their way into water
bodies. The indiscriminate use of the herbicide therefore
makes it a potential source of danger to animals, not only
in grazing fields but also in the water bodies (Ayoola 2008).
The manufacturers of glyphosate-based herbicides claim
their “low toxicity and environmental friendliness”; howev-
er, evidence indicates that the herbicide may not be as safe
as previously thought (Franz et al. 1997). As a herbicide,
glyphosate works by being absorbed into the plant mainly
through its leaves, but also through soft stalk tissues. It is
then transported throughout the plant where it acts on var-
ious enzyme systems, inhibiting amino acid metabolism in
what is known as shikimic acid pathway. This pathway exists
in higher plants and microorganisms but not in animals. Plants
treated with glyphosate slowly die over a period of days or
weeks, and because the chemical is transported throughout the
plant, no part survives (Cox 1995; Malik et al. 1989). In
animals, mechanisms of toxic action have not been fully
elucidated. A reduced respiratory control ratio, enhanced
ATPase activity and stimulated oxygen uptake rate were ob-
served in liver mitochondria obtained from rats given glyph-
osate. Based on these results, the authors suggested that these
toxicological effects may be primarily due to the uncoupling
of oxidative phosphorylation (Olurunsogo et al. 1979).
Oxidative stress has been implicated in the molecular
mechanisms of glyphosate toxicity (Beuret et al. 2004). The
body responds to oxidative stress by evoking the enzymatic
defence system within the body (Vivian and Claudia 2007).
In pure chemical terms, glyphosate is an organophosphate
(OP) in that it contains carbon and phosphorus. However, it
does not affect the nervous system in the same way as organ-
ophosphate insecticides, and is not a cholinesterase inhibitor
(Rebecca et al. 1991). In addition, there is paucity of informa-
tion on the toxicity of glyphosate-based herbicide, Roundup®,
especially on how it affects animal health (Modesto and
Martinez 2010).
Zinc is an essential trace mineral, which means that it
must be obtained from the diet since the body cannot pro-
duce enough. It is the second most abundant mineral in the
body, stored primarily in the muscle; it is also found in high
concentrations in red and white blood cells, the retina of the
eye, bones, skin, kidneys, liver and pancreas (Belongia et al.
2001). Zinc plays an important role in the immune system,
regulation of appetite, stress level, taste and smell (McClain
et al. 1992). Two antioxidant mechanisms of zinc have been
identified: zinc ions may replace redox active molecules
such as iron and copper at critical sites in cell membranes
and proteins; alternatively, zinc ions may induce the
biosynthesis of metallothionein, sulfhydryl-rich proteins
that protect against free radicals (Rostan et al. 2002). Owing
to its mechanisms of action, zinc has been used in the
amelioration of organophosphate (chlorpyrifos)-induced al-
terations in haematological and serum biochemical changes
in Wistar rats (Ambali et al. 2010a). It has also been used to
attenuate oxidative stress in arsenic- and cadmium-exposed
rats (Kumar et al. 2010; Amara et al. 2008).
Materials and methods
Experimental animals
Forty-eight Wistar rats, 160–200 g body weight, were
purchased from the Animal House of the Department of
Veterinary Physiology and Pharmacology, Ahmadu Bello
University, Zaria. They were housed in the Animal
Room of the Department of Veterinary Pathology and
Microbiology for 2 weeks before the commencement of
the research, which lasted for 8 weeks. The rats were
fed appropriately using standard rat chow, and water
was provided ad libitum.
Chemical source
Glyphosate (Bushfire®, Monsanto Europe SA), which con-
tains 360 g glyphosate/L in the form of 441 g/L potassium
salt and zinc chloride with the following specification: MW
136.29, Cat No. 45114 and Lot No. 11601 (BDH Chemical
Ltd., Poole, England), is a white deliquescent granule with
minimum assay of 98.0 %, and maximum limits of impuri-
ties: acid-insoluble matter 0.005 %, zinc oxide (ZnO) 1.2 %,
sulphate (SO4) 0.002 %, cadmium (Cd) 0.0005 %, calcium
(Ca) 0.001 %, copper (Cu) 0.0005 %, iron (Fe) 0.001 %,
lead (Pb) 0.001 %, magnesium (Mg) 0.001 %, potassium
(K) 0.001 % and sodium 0.001 % were purchased from a
reputable chemical store in Zaria.
Experimental design
Subchronic toxicity study
Forty-eight adult male and female Wistar rats were randomly
divided into six groups of eight rats each as described below:
Group I (DW): Served as the control and were adminis-
tered 2 ml/kg of distilled water daily
Group II (Z): Were administered zinc at the dose rate of
50 mg/kg body weight (Ambali et al. 2010a)
Group III (G): Were administered glyphosate (10 % of
the LD50), which is 3,750 mg/kg as
reported by Tizhe (2012)
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Group IV (Z+G): Were administered zinc at 50 mg/kg+
glyphosate (10 % of the LD50)
Group V (GC): Were administered glyphosate at the
concentration of 1:50 glyphosate and
distilled water, respectively
Group VI (Z+G): Were administered zinc at 50 mg/kg+
glyphosate at the concentration of
1:50 glyphosate and distilled water,
respectively
The dose regimens were administered per os once daily
for a period of 8 weeks. The rats were monitored for clinical
signs and death.
Serum biochemical analysis
Another set of blood sample (5 ml each) was collected from
each rat into clean test tubes. The blood samples were
incubated for 30 min, and thereafter centrifuged at 800×g
for 10 min to obtain the sera. The sera were analysed for
aspartate aminotransferase, alanine aminotransferase and
alkaline phosphatase. Other parameters measured included
total serum proteins and albumin, electrolytes, urea and
creatinine. They were determined using Bayer Express plus
Clinical Chemistry Autoanalyser (Bayer® Germany), but
the globulin concentrations were calculated by subtracting
the albumin concentrations from the total proteins.
Results and discussion
Effect of the treatments on serum protein, albumin
and globulin concentrations
The effect of the treatments on serum protein, albumin and
globulin concentrations is shown in Fig. 1. There was no
significant change in serum protein concentration between the
groups. However, there was a relatively low total protein con-
centration (7.6 %) in Z+GC group when compared to DW
group. On the other hand, there was a relative high total protein
concentration in Z (11.3 %), Z+G (0.7 %), G (0.5 %) and GC
(0.3 %) groups, respectively, when compared to DW group.
There was a significantly high (p<0.05; 34.7 %) albumin
concentrations in GC group when compared to DW group.
On the other hand, there was a relatively high albumin
concentration in Z (19.1 %), G (15.2 %), Z+G (11.1 %) or
Z+GC (5.8 %) group when compared to DW group.
The globulin concentrations showed no significant
change between the groups. However, there was a relatively
high (8.5 %) globulin concentration in Z group when com-
pared to DW. On the other hand, there was a relatively low
globulin concentration in Z+G (3.1 %), G (3.7 %), Z+GC
(12.2 %) and GC (17.9 %) groups, respectively, when com-
pared to DW group.
Effect of the treatments on serum enzymes
The activities aspartate aminotransferase (AST) were not
significantly different (p>0.05) between the groups. How-
ever, there was relatively low AST in Z (5.80 %) and Z+G
(18.10 %) group when compared to DW group. On the other
hand, there was a relative decrease in AST activity in DW
group compared to those recorded in G (33.5 %), GC
(13.0 %) or Z+GC (9.8 %) group.
There were no significant changes in the activities of
alanine aminotransferase (ALT) between the groups. How-
ever, there was a relatively low (11.9 %) ALT activity in Z+
GC group when compared to DW group. On the other hand,
there was a relatively high ALT activity in Z (44.90 %), GC
(35.50 %), Z+G (17.00 %) or G (11.60 %) group when
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Fig. 1 Effect of subchronic
exposure to distilled water
(DW), zinc (Z) and glyphosate
at 10 % of the LD50 (G) and at
1:50 glyphosate and distilled
water (GC) on changes in total
protein, albumin and globulin
concentrations in Wistar rats,
a=p<0.05 versus DW group
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The activity of alkaline phosphatase was significantly
higher (p<0.05; 60.60 %) in Z+GC group when compared
to GC group. On the other hand, there was a relatively low
ALP activity in G (31.00 %), Z (17.70 %) and Z+G (4.20 %)
groups, respectively, when compared to DW group (Fig. 2).
Effect of the treatments on serum electrolyte concentrations
There were no significant changes (p>0.05) in the Na+
concentration among the groups. However, there was a
relatively low Na+ concentration in Z+G (11.70 %), Z+
GC (10.30 %), Z (8.80 %), GC (8.50 %) and G (6.20 %)
groups, respectively, when compared to DW group.
The difference in the K+ concentration among all the
groups was not significant (p>0.05). However, there was a
relatively low K+ concentration in Z+G (8.10 %) group
when compared to DW group. On the other hand, there
was a relatively high K+ concentration in G (20.90 %), Z+
GC (10.60 %), GC (8.20 %) or Z (0.60 %) group when
compared to DW group.
There were no significant changes (p>0.05) in the Cl−
concentration among all the groups. However, there was a
relatively low Cl− concentration in Z (8.50 %), GC (5.70 %),
G (5.50 %), Z+G (3.10 %) and Z+GC (0.50 %) groups,
respectively, when compared to DW group.
The differences in the HCO3 concentration among the
groups were not significant (p>0.05). However, there was
no change in the HCO3 concentration between GC group
and DW group. On the other hand, there was a relatively
low HCO3 concentration in Z (9.40 %) or Z+G (7.40 %)
group and a relatively high HCO3 concentration in G
(18.70 %) or Z+GC (4.70 %) group when compared to
DW group.
There was a highly significant rise (p<0.01) in Ca+
concentration in Z+GC group when compared to DW and
Z groups, respectively. There was also a very highly signif-
icant rise (p<0.001) in Z+GC group compared to those
recorded in G and GC groups, respectively. In addition,
there was a significant rise (p<0.05; 27.40 %) in Ca2+ Z+
GC group compared to Z+G group.
There was no significant change (p>0.05) in the PO4
concentrations in between the groups. However, there was
a relatively high PO4 concentration in GC (10.80 %), G
(10.60 %), Z+G (6.70 %), Z (6.10 %) and Z+GC
(2.50 %) groups, respectively, when compared to DW group
(Fig. 3a, b).
Effect of the treatments on serum urea concentration
There was no significant change (p>0.05) in the urea con-
centration between the groups. However, there was a rela-
tively low urea concentration in Z+GC (20.50 %) group
when compared to DW group. On the other hand, there was
a relatively high urea concentration in Z+G (22.50 %), G
(11.50 %), GC (9.90 %) and Z (6.20 %) groups, respective-
ly, compared to DW group (Fig. 4).
Effect of the treatments on serum creatinine concentration
There was no significant change (p>0.05) in creatinine
concentration between the groups. However, there was a
relatively low creatinine concentration in Z+GC (18.80 %)
group when compared to DW group. On the other hand,
there was a relatively high creatinine concentration in G
(15.00 %), GC (14.90 %), Z (7.90 %) and Z+G (5.70 %)
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a
Fig. 2 Effect of subchronic
exposure to distilled water
(DW), zinc (Z) and glyphosate
at 10 % of the LD50 (G) and at
1:50 glyphosate and distilled
water (GC) changes in serum
enzymes activities in Wistar
rats, a=p<0.05 versus GC
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The result of this study showed no significant difference
(p>0.05) in total protein concentration in the G and GC
groups compared to the DW group. This is similar to the





























































Fig. 3 a Effect of subchronic
exposure to distilled water
(DW), zinc (Z) and glyphosate
at 10 % of the LD50 (G) and at
1:50 glyphosate and distilled
water (GC) on changes in
serum electrolytes
concentrations in Wistar rats. b
Effect of subchronic exposure
to distilled water (DW), zinc (Z)
and glyphosate at 10 % of the
LD50 (G) and at 1:50
glyphosate and distilled water
(GC) changes in serum
electrolytes in Wistar rats. a=p
<0.01 versus DW and Z, p<


























Fig. 4 Effects of subchronic exposure to distilled water (DW), zinc (Z)
and glyphosate at 10 % of the LD50 (G) and at 1:50 glyphosate and




























Fig. 5 Effect of subchronic exposure to distilled water (DW), zinc (Z)
and glyphosate at 10 % of the LD50 (G) and at 1:50 glyphosate and
distilled water (GC) on serum creatinine concentration in Wistar rats
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Roundup® and glyphosate did not significantly affect total
protein concentration after 2 weeks of exposure in rats.
There were relatively higher total protein concentrations in
the Z and the Z+G groups, possibly due to the antioxidant
properties of zinc. The total protein concentration in the Z+
GC showed a relatively low total protein concentration
compared to the DW group. The reason for the relatively
low total protein in the Z+GC group is not known especially
in the light of the relative increase in the WBC count in the
group.
There was a significantly high albumin concentration in
the GC group compared to the DW group and a relatively
high albumin concentration in the G group compared to the
DW group. It was found that Roundup® and glyphosate
caused a relatively high albumin concentration in rats
(El-Shenawy 2009). The reason for the high albumin level
in the blood as observed in the glyphosate (G and GC)-treated
groups relative to the DW group was not known. However,
Vosilenko and Grebenev (1990) reported that decrease in the
serum albumin might be indicative of renal inability that
resulted in albuminuria. The relatively high level of albumin
in the blood as observed in the present study could be attrib-
uted to the observed renal damage. There was a relatively low
albumin concentration in Z, Z+G and Z+GC groups. This
might be as a result of the ability of zinc to act as an antiox-
idant (Powell 2000).
There were relatively low globulin concentrations in the
G and the GC groups compared to the DW group. A rela-
tively high globulin concentration in Roundup® and glyph-
osate were reported by El-Shenawy (2009). The difference
might be due to variation in duration of the experiment, the
doses and/or the formulations of the glyphosate, Roundup®
and Bush fire® used in this study. On the other hand, zinc
alone (Z) and supplementation with zinc was shown to make
globulin concentrations relatively high in both the Z+G and
the Z+GC groups, indicating the antioxidant effect of zinc
to regulate metallothionein, a highly conserved low molec-
ular weight cysteine-rich metal chelating antioxidant pro-
tein, which was demonstrated to share a lot of features with
glutathione (Quesada et al. 1996; Zhou et al. 2007).
The result of this study has shown no significant differ-
ence in aspartate aminotransferase (AST) in between the
groups; however, there was relatively high AST activity in
the G and the GC groups compared to the DW group. The
reason for the apparently high level of serum AST might be
associated with some level of damage to any or all of the
organs producing this enzyme such as liver, cardiac and
skeletal muscles (Ambali et al. 2010b). This result agreed
with the finding of Benedetti et al. (2004). Indeed, it has
been reported that subchronic exposure to glyphosate
caused damage to the liver (Benedetti et al. 2004). On the
other hand, the increase in the serum concentration of AST
due to exposure to glyphosate was attenuated due to
supplementation with zinc in the Z+G and the Z+GC
groups, thus indicating the antioxidant activity of zinc which
brought about restoration of the AST activity in rats. The
relatively low AST activity in the Z group compared to the
DW group might be due to slight pro-oxidant effect of zinc
since the rats were not under oxidative stress.
There were no significant changes in the activity of
alanine aminotransferase (ALT) in between the groups.
However, there was a relatively high ALT activity in the G
and the GC groups compared to the DW group. This eleva-
tion in the activity of ALT following subchronic glyphosate
exposure in this study agreed with the result of previous
studies (Caglar and Kolankaya 2008; El-Shenawy 2009),
which reported increased level of ALT in rats which was
said to be part of the diagnostic symptoms of liver diseases,
and also supported the hypothesis which stated that the
increased serum transaminases (ALT and AST) might reflect
hepatotoxicity which leads to extensive liberation of en-
zymes in the blood (Daabees et al. 1992). The reason for
the apparently high serum ALT activity in the Z group is not
known for certain, but it might be due to its pro-oxidant
effect as reported by Abdallah and Samman (1993) since the
rats were not under oxidative stress. Supplementation with
zinc in Z+GC group attenuated the hepatotoxic effect of the
glyphosate on the serum activity of ALT. There was, how-
ever, a relatively high ALT activity in Z+G group, and the
reason for such is not known for certain especially in the
light of the attenuated effect observed in Z+GC group and
might therefore require further studies.
The result of this study showed a relatively low serum
activity of alkaline phosphatase (ALP) in the G and the GC
groups compared to the DW groups. This is at variance with
the previous finding (El-Shenawy 2009) which reported a
relatively high ALP activity in rats exposed to Roundup®
and glyphosate for 2 weeks, suggestive of damage to hepa-
tocytes, bone, intestine and kidney, which are the sources of
this enzyme as reported by Maxam and Gilbert (1980). The
reason for the relatively low ALP activity in the glyphosate-
exposed groups in this study is not known especially in the
light of histopathologic lesions observed in the livers of the
rats in the G group, and this might therefore suggest that the
agent did not affect the other organs that produce the en-
zyme since it is not a liver-specific enzyme. On the other
hand, supplementation with zinc restored the ALP activity
to near normal in both the Z and the Z+G groups, thus
reflecting the antioxidant effect of zinc. The reason for the
significantly high, p<0.05, serum ALP activity in Z+GC
compared to GC group is not known especially with the
non-observable microscopic lesion in the organs of the rats
in the group.
There were no significant changes in the serum sodium
ion (Na+) concentration in between the groups. Oxidative
stress was shown not to cause significant alteration of Na+ in
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earlier studies (Ambali et al. 2007, 2010a; Ambali 2009).
However, there was a slightly low Na+ concentration in the
G and the GC groups compared to the DW group. These
changes might be associated with functional alteration in the
proximal tubules due to its nephrotoxic effect. On the other
hand, there was a relatively higher decrease in serum Na+
concentration in zinc-treated groups Z, Z+G and Z+GC,
probably because the zinc used was zinc chloride.
The result of this study has shown a relatively high serum
potassium (K+) concentration in the G and the GC groups
compared to the DW group. Oxidative stress due to chlor-
pyrifos (CPF) exposure was shown to cause relatively high
serum K+ concentration (Ambali et al. 2010a). The serum
K+ concentration in zinc (Z)-treated group, the Z and the
zinc-supplemented groups, the Z+G and the Z+GC groups
indicated amelioration that resulted in the restoration in the
serum K+ concentration to near normal, probably due to its
antioxidant effect.
This study showed relatively low serum Cl− concentra-
tions in the G and the GC groups compared to the DW
group. This marginal variation is apparently associated with
functional alteration in the proximal tubules (Krishma and
Ramachandran 2009). Supplementation with zinc caused an
improvement in the serum Cl− concentration in the Z+G
and the Z+GC groups. The reason for the relatively lower
serum Cl− concentration in the Z group is not clear, but
might be associated with the pro-oxidant effect of zinc since
the rats were not under oxidative stress challenge.
The serum bicarbonate (HCO3 ) concentration in this study
showed relatively higher concentrations in G group andwithout
noticeable change in the GC group compared to the DW group.
This difference might be due to its nephrotoxic effect (Krishma
and Ramachandra 2009). Supplementation with zinc in the Z+
G and the Z+GC groups ameliorated the lower HCO3 con-
centrations in the glyphosate-treated groups. The zinc alone,
however, showed a slight difference in serum HCO3 concen-
tration compared to DW group, possibly due to the redox state
since supplementation with zinc had ameliorated and resulted
in relatively high serum HCO3 concentration.
The result of serum calcium ion (Ca2+) concentration in
this study showed relatively low Ca+ concentrations in the G
and the GC groups compared to the DW group. On the other
hand, supplementation with zinc restored the serum Ca2+
concentration to relatively higher level in the Z+G group,
and it was even highly significant (p<0.001) in the Z+GC
group compared to the G and GC groups; the effect was
highly significant (p<0.01) in the Z+GC group compared to
Z+G group and significant (p<0.05) in Z+GC group com-
pared to Z+G group. The high Ca+ concentration recorded
in Z+GC group might be due to intestinal absorption of
calcium as reported by Spencer et al. (1987) in their study
on the effect of zinc supplementation on the intestinal ab-
sorption of calcium, who reported that at high concentration
of Ca2+, high Zn2+ intake did not affect the intestinal ab-
sorption of calcium since Yamaguchi (1998) reported that
zinc is required for osteoblastic activity by activating the
aminoacyl tRNA synthetase in the osteoblastic cells, and
Holloway et al. (1996) reported that zinc treatment inhibits
bone resorption, or it might be as a result of dystrophic
calcification. In the Z group, however, the Ca2+ concentra-
tion showed no noticeable difference with the DW group,
thus underscoring the antioxidant effect of zinc.
The serum phosphate (PO4 ) concentration in this study
showed a relatively higher serum PO4 concentration in the
G and the GC groups compared to the DW group. On the
other hand, supplementation with zinc ameliorated the in-
crease in the serum PO4 concentration in the Z+G and the
Z+GC groups. In the Z group, however, there was slightly
high PO4 concentration, possibly due to the pro-oxidant
effect of zinc.
The present study demonstrated that subchronic exposure
to glyphosate caused relatively high serum urea concentra-
tion in the G and the GC groups compared to the DW group.
This finding is in agreement with those reported by Caglar
and Kolankaya (2008) who studied the effect of 56 and
560 mg/kg/day Roundup® and glyphosate and reported
increased level of urea by 2.1-fold and 1.9-fold compared
to the control, respectively. The elevation of blood urea is a
good indicator for kidney dysfunction. On the other hand,
administration of zinc alone resulted into a slightly high
serum urea concentration in the Z group and relatively high
in the Z+G group. The reason for the slight elevation of urea
in the Z group might be due to the pro-oxidant effect of zinc,
whereas the reason for the relatively high urea concentration
in the Z+G group is not known for certain, but it might be
associated with the high exposure and therefore might re-
quire high dose of zinc since supplementation with zinc was
able to ameliorate the elevated urea level in the Z+GC
group.
The result of this study showed a relatively high serum
creatinine concentration in the G and the GC groups com-
pared to the DW group. This result is in agreement with the
result of an earlier study by Caglar and Kolankaya (2008)
who reported a relatively high creatinine concentration
following exposure to Roundup® in rats, which was said
to be possible indicator of kidney dysfunction. The rela-
tively high serum creatinine concentrations were ameliorated
in the Z+G and Z+GC groups. Administration of zinc alone,
however, caused a slightly high serum creatinine concentra-
tion when compared to DW group, and the reason for that is
not clear but might be associated with pro-oxidant effect of
zinc.
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